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Abstract: Vegetation is sparsely distributed over Antarctica’s ice-free ground, and distinct plant communities
are present in each of the continent’s 15 recently identified Antarctic Conservation Biogeographic Regions
(ACBRs). With rapidly increasing human activity in Antarctica, terrestrial plant communities are at risk of
damage or destruction by trampling, overland transport, and infrastructure construction and from the impacts
of anthropogenically introduced species, as well as uncontrollable pressures such as fur seal (Arctocephalus
gazella) activity and climate change. Under the Protocol on Environmental Protection to the Antarctic Treaty,
the conservation of plant communities can be enacted and facilitated through the designation of Antarctic
Specially Protected Areas (ASPAs). We examined the distributionwithin the 15 ACBRs of the 33 ASPAs whose ex-
plicit purpose includes protecting macroscopic terrestrial flora. We completed the first survey using normalized
difference vegetation index (NDVI) satellite remote sensing to provide baseline data on the extent of vegetation
cover in all ASPAs designated for plant protection in Antarctica. Large omissions in the protection of Antarctic
botanical diversity were found. There was no protection of plant communities in 6 ACBRs, and in another 6,
<0.4% of the ACBR area was included in an ASPA that protected vegetation. Protected vegetation cover within
the 33 ASPAs totaled 16.1 km2 for the entire Antarctic continent; over half was within a single protected area.
Over 96% of the protected vegetation was contained in 2 ACBRs, which together contributed only 7.8% of the
continent’s ice-free ground. We conclude that Antarctic botanical diversity is clearly inadequately protected
and call for systematic designation of ASPAs protecting plant communities by the Antarctic Treaty Consultative
Parties, the members of the governing body of the continent.
Keywords: Antarctic Conservation Biogeographic region, Antarctic Specially Protected Area, climate change,
human impacts, normalized difference vegetation index, remote sensing, vegetation
Evaluacio´n de la Efectividad de las A´reas Protegidas Especialmente para la Conservacio´n de la Diversidad Bota´nica
de la Anta´rtida
Resumen: La vegetacio´n se encuentra distribuida escasamente sobre el suelo libre de hielo de la Anta´rtida
y esta´n presentes distintas comunidades vegetales en cada una de las 15 Regiones Biogeogra´ficas de Conser-
vacio´n Anta´rtica (RBCA) identificadas recientemente. Con un ra´pido incremento de la actividad humana en
la Anta´rtida, las comunidades de plantas terrestres esta´n en riesgo de ser dan˜adas o destruidas por el pisoteo, el
transporte terrestre, la construccio´n de infraestructura y el impacto de las especies introducidas por el hombre,
as´ı como por presiones incontrolables como la actividad del lobo marino anta´rtico (Arctocephalus gazella) y el
cambio clima´tico. Bajo el Protocolo sobre la Proteccio´n Ambiental al Tratado Anta´rtico, la conservacio´n de las
comunidades vegetales puede promulgarse y facilitarse por medio de la designacio´n de las Zonas Anta´rticas
Especialmente Protegidas (ZAEP). Examinamos la distribucio´n dentro de las 15 RBCA de las 33 ZAEP cuyo
propo´sito expl´ıcito incluye la proteccio´n de la flora macrosco´pica terrestre. Completamos el primer censo con
el uso de teledeteccio´n satelital del ı´ndice de vegetacio´n de diferencia normalizada (IVDN) para proporcionar
el punto de referencia de datos sobre la extensio´n de la cobertura vvvegetal en todas las RBCA designadas para
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la proteccio´n de plantas en la Anta´rtida. Se encontraron grandes omisiones en la proteccio´n de la diversidad
bota´nica de la Anta´rtida. No hubo proteccio´n en las comunidades vegetales de seis RBCA y en otras seis,<0.4%
del a´rea de la RBCA estuvo dentro de una ZAEP que proteg´ıa a la vegetacio´n. La cobertura de vegetacio´n
protegida dentro de las 33 RBCA tuvo un total de 16.1 km2 de todo el continente anta´rtico; ma´s de la mitad se
ubico´ dentro de una u´nica a´rea protegida. Ma´s del 96% de la vegetacio´n protegida se encontro´ en dos RBCA,
las cuales en conjunto contribuyen con so´lo el 7.8% del suelo libre de hielo del continente. Concluimos que la
diversidad bota´nica de la Anta´rtida esta´ claramente mal protegida y requiere de una designacio´n sistema´tica
de ZAEP que protejan las comunidades vegetales por parte de las Partes Consultivas del Tratado Anta´rtico,
los miembros del cuerpo de gobierno del continente.
Palabras Clave: cambio clima´tico, impactos humanos, ı´ndice de vegetacio´n de diferencia normalizada, Regio´n
Biogeogra´fica de Conservacio´n Anta´rtica, teledeteccio´n, vegetacio´n, Zona Anta´rtica Especialmente Protegida
Introduction
The spatial extent of terrestrial habitats in Antarctica is
very limited. Only around 0.34% of the overall continental
area is ice-free, whereas the proportion is slightly greater
on the Antarctic Peninsula and offshore islands (3%).
The remainder is permanently covered by snow or ice
(Convey et al. 2009). The total area of ice-free ground in
Antarctica is approximately 44,000 km2. About 10% of
this is contributed by the high latitude frigid deserts of
the McMurdo Dry Valleys of Victoria Land (Levy 2013),
and much of the remainder is formed by inland nunataks
(i.e., small areas of rock emerging above ice sheets and
glaciers) and high altitude mountain ranges. Therefore,
the majority of ice-free ground on the continent is barren
ofmacroscopic organisms, and visually obvious terrestrial
biota is restricted predominantly to coastal areas, includ-
ing along the northern and western Antarctic Peninsula,
the archipelagos of the Scotia Arc, and a few ice-free oases
along the East Antarctic coastline.
Biodiversity in even the richest terrestrial environ-
ments is low relative to other areas of the world. Primary
producers are predominantly cryptogams (mosses,
liverworts, and lichens; only 2 native vascular plants
are present), and there is a significant microflora of
fungi, cyanobacteria, and algae (Laws 1984; Smith 2003;
Convey 2013). Bryophytes and phanerogams occur
primarily along coasts, and inland continental and higher
elevation sites host predominantly lichen and microbial
communities (Peat et al. 2007). In general, other than the
McMurdo Dry Valleys, terrestrial areas are mostly small
in extent and isolated and may be separated by ice or
ocean on scales up to hundreds of kilometers (Bergstrom
& Chown 1999; Convey 2013). This has had important
implications for the rate and effectiveness of colonization
processes in the region and has led to extensive and
long-term evolutionary isolation (Convey et al. 2008; Pisa
et al. 2014), which, combined with variation in local
and regional growth conditions, has contributed to the
development of spatially distinct biogeographic patterns
across the continent (Øvstedal & Smith 2001; Chown
& Convey 2007; Ochyra et al. 2008). Using detailed
multivariate statistical analyses of all spatially explicit
terrestrial biodiversity data currently available, Terauds
et al. (2012) identified 15 biologically distinct ice-free
Antarctic Conservation Biogeographic Regions (ACBRs)
across the Antarctic continent and Antarctic Peninsula.
Identification of these regions has provided a more
formal structure upon which conservation planning
and action can be developed within the governance
mechanisms of the Antarctic Treaty System (ATS).
Human activity in Antarctica, predominantly involving
national governmental operators and the tourism indus-
try, is growing rapidly (Tin et al. 2014). For logistical
reasons, coastal locations are favored for tourist visits and
research activities, including construction of stations and
other logistical facilities of national Antarctic programs.
These activities can result in direct damage or destruc-
tion of terrestrial habitats during visitor landings, over-
land transport, infrastructure construction, and ongoing
operation of the facility (e.g., Tin et al. 2009; Chown
et al. 2012; Braun et al. 2014) (Fig. 1). Changes in natu-
ral colonization and human-assisted colonization by new
species are also likely to have negative impacts on indige-
nous flora and communities (Frenot et al. 2005; Hughes
& Convey 2010). Other less controllable pressures on
vegetation include increased trampling by expanding fur
seal (Arctocephalus gazella) populations in the Antarctic
Peninsula region (Smith 1988; Favero-Longo et al. 2011)
and the direct effects of climate change, which tend to
increase vegetation cover and species diversity (Fowbert
& Smith 1994; Smith 1994).
Several global biodiversity conservation goals have
been proposed in recent years. Most recently, the
updated Targets 4 and 5 of the Global Strategy for Plant
Conservation (GSPC), adopted initially as a program
under the Convention on Biological Diversity (CBD)
called, respectively, for effective conservation of at least
15% of the world’s ecological regions and protection of
75% of the most important areas for plant diversity by
2020 (UNEP 2010a). In parallel, Aichi Biodiversity Target
11 of the CBD Strategic Plan for Biodiversity 2011-2020
calls for at least 17% of terrestrial and inland water,
including areas that are ecologically representative, to
be conserved and effectively managed by 2020 (UNEP
2010b). Although most Antarctic Treaty Parties are
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Figure 1. Damage to Antarctic vegetation on
Fildes Peninsula, King George Island, South
Shetland Islands, from human activities at
different spatial scales: (a) footprints in moss
(photo by C. Braun), (b) vehicle tracks over
vegetated ground away from the designated
road network (photo by O. Mustafa), (c)
tracks from all-terrain and tracked vehicles
in moss (photo by C. Braun), and (d)
quarrying that has damaged lichen growing
on a storm petrel breeding ground (photo by
H.-U. Peter). Permission for use of these
images was granted by H.-U. Peter, Institute
of Ecology, Friedrich Schiller University, Jena,
Germany.
signatories to the CBD, the Convention, and by default
the aforementioned biodiversity targets, does not apply
to the Treaty area because the ATS is the agreed legislative
framework in place for the region. However, the need
for designation of protected areas for the conservation
of representative Antarctic habitats is recognized
in the Protocol on Environmental Protection to the
Antarctic Treaty (also known as the Madrid Protocol or
Environmental Protocol [http://www.ats.aq/e/ep.htm]).
Annex V to the Protocol describes the Antarc-
tic Protected Area system (for Annex V see
http://www.ats.aq/documents/recatt/Att004_e.pdf).
Through this legal instrument, Antarctic Specially Pro-
tected Areas (ASPAs), and their associated management
plans, were created as the main tools for protecting
representative ecosystems.
Results of recent studies call into question the effec-
tiveness of the Annex V legislation at local, regional,
and continental scales (Hughes et al. 2013; Pertierra &
Hughes 2013; Shaw et al. 2014). Indeed, contrary to the
widely held view that Antarctica is a natural reserve,
devoted to peace and science, and therefore fully pro-
tected through the ATS, Shaw et al. (2014) describe
Antarctica as one of the least protected regions on the
planet; only about 1.5% of its ice-free area is formally pro-
tected under the ASPA system. Use of an evidence-based
approach to establish biologically meaningful quantita-
tive targets for area protection has not been undertaken
for the Antarctic continent as a whole (Svancara et al.
2005). However, the current level of protection is clearly
inadequate, and vast regions of Antarctic are devoid of
specially protected areas (Terauds et al. 2012; Shaw et al.
2014).
We assessed the current state of protection of Antarctic
botanical biodiversity by quantifying the area of existing
ASPAs protecting vegetation within each of the ACBRs,
and examined the extent of protection of primarily vas-
cular plants and bryophytes within ASPAs with remote
sensing techniques that detect green vegetation.
Methods
We accessed the ASPA management plans online via the
Antarctic Treaty Secretariat website (http://www.ats.
aq/documents/ATCM37/WW/atcm37_ww002_e.pdf),
and obtained the ACBR shape files from the
Australian Antarctic Data Centre (https://www1.data.
antarctica.gov.au/). High spatial resolution multispectral
satellite imagery (with approximately 2- to 3-m pixels)
of all ASPAs where terrestrial vegetation is included in
the respective management plan’s Description of Values
to be Protected was acquired from the DigitalGlobe
QuickBird and WorldView-2 satellite sensors (Fig. 2 and
Appendix S1). We did not consider ASPAs protecting
only bird colonies, geological features, historic huts,
or marine ecosystems. We used the well-established
normalized difference vegetation index (NDVI), which
is predominantly useful in the detection of green
vegetation (Petzold & Goward 1988; Gates 2003), to
assess vegetation cover within each ASPA. Following
investigation of a number of different vegetation
indices, use of the NDVI was determined to be the best
approach. This index cannot be used to detect some
species (e.g., dark pigmented lichens or mosses), but
other limitations caused by mixed signals due to bare
ground, snow, and ice cover, as described by Fretwell
et al. (2011), are significantly reduced because of the
higher spatial resolution of the satellite imagery we
used.
As far as possible, we used satellite images captured
from December to March in order to reduce the
confounding effect of snow cover, which is greater at
other times of the year. The ASPA boundaries were
taken from the Antarctic Protected Area database
(http://www.ats.aq/devPH/apa/ep_protected.aspx?lang
= e). In some cases, corrections were made to ensure the
digitized ASPA boundary coincided with features visible
in the satellite imagery and the maps in the associated
ASPA management plan. Vegetation cover density was
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Figure 2. Current network of Antarctic Specially Protected Areas (ASPAs) (red circles, ASPAs protecting vegetation
included in this study; yellow circles, ASPAs not included in this study). Antarctic Conservation Biogeographic
Regions 1–15 are shown as described by Terauds et al. (2012).
calculated for each ASPA based on the areas of ice-free
ground and of vegetated ground within each ASPA.
Where necessary, the satellite data used to derive
the vegetation extent were corrected to remove dis-
tortions due to terrain elevation. Surface elevation data
were obtained from airborne photogrammetry where
available; otherwise, we used the global ASTER GDEM
(http://asterweb.jpl.nasa.gov/gdem.asp) elevation data
set. Data values were converted to reflectance with no
atmospheric correction. The quality of the available el-
evation data differed and in some areas had errors that
introduced distortions in the imagery. For some ASPAs,
no elevation data exist; therefore, no terrain correction
was possible. The area of vegetation cover for each ASPA
was based on the area within the ASPA boundary with
an NDVI value greater than a set threshold. Values of
Conservation Biology
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Table 1. Area of vegetated ground protected within the Antarctic Specially Protected Area (ASPA) system.
As a percentage As a percentage of
Category Area (km2) of Antarctica Antarctic ice-free ground
All of Antarctica 14,000,000 100.0000 –
Antarctic ice-free ground 44,000 0.3143 100.00
ASPAs protecting terrestrial vegetation 605.7 0.0043 1.38
Ice-free ground in ASPAs protecting terrestrial vegetation 214.5 0.0015 0.49
Vegetation cover within ASPAs 16.1 0.0001 0.04
NDVI range from −1.0 to +1.0. Here, we considered
vegetation was present if the NDVI value was 0.1. This
threshold was based on cross-comparison with ground
data collected during a 2011 hyperspectral airborne cam-
paign carried out over parts of Adelaide Island and islands
in Marguerite Bay (west of the Antarctic Peninsula, c.
68°S) and subsequent analyses by Fretwell et al. (2011).
This threshold is based on data from a single locality and
applicability to the entire continent or more extensively
vegetated areas has not been tested, but this location
hosts vegetation that is regarded as typical throughout
the Antarctic Peninsula and Scotia Arc (e.g., Smith 1984;
Smith 1996; Convey & Smith 1997). Furthermore, the
locations of many ASPAs protecting terrestrial areas are
in similar geographic settings (in particular, those within
the Antarctic Peninsula and Scotia Arc regions, which are
all close to the coast), but in situ data for other locations
are, as yet, unavailable.
Results
Of Antarctica’s 72 designated ASPAs, the management
plans of 33 include macroscopic vegetation among the
values to be protected. The ice-free area designated for
the protection of vegetation within the entire ASPA net-
work represents <0.5% of Antarctica’s ice-free ground
(Table 1). Six ACBRs (numbers 1, 11, 12, 13, 14, and 15)
contained no ASPAs protecting vegetation, and a further
six (5, 6, 7, 8, 9, and 10) included <0.4% of their area
within an ASPA designated for protection of botanical val-
ues (Table 2). The highest percentage of ASPA-protected
ice-free ground was within ACBR 2 South Orkney Islands
(3.3%).
The 33 ASPAs we examined covered a combined ice-
free area of approximately 214.5 km2, of which 16.1
km2 (7.5%) were classified as vegetated (Tables 1, 2,
Supporting Information). The area of vegetation within
each ASPAwas highly variable. Number 126 (Byers Penin-
sula, Livingston Island, South Shetland Islands) contained
over 50% (8.1 km2) of the total area of vegetated ground
detected within all 33 ASPAs (Fig. 3). The density of
vegetation covering the available ice-free ground also
varied (range: 0.004–47.5%); ASPA 151 (Ardley Island,
Maxwell Bay, King George Island), ASPA 133 (Harmony
Point, Nelson Island; both in the South Shetland Islands),
and ASPA 109 (Moe Island, South Orkney Islands) were
Figure 3. Area of vegetated ground within Antarctic
Specially Protected Areas (ASPAs) protecting Antarctic
flora detected with satellite remote sensing techniques.
the most densely vegetated (>47% coverage of available
ice-free ground).
When the amount of vegetation protected within each
of the ACBRs was quantified, there was a clear bias to-
ward protection of habitats in ACBR 3 Northwest Antarc-
tic Peninsula, which contained over 87% of Antarctica’s
protected vegetation cover (Table 2, column 9). The
ACBR 2 South Orkney Islands contained the second high-
est area of protected vegetation, almost 9%, whereas the
remaining 13 ACBRs contained <4% of the total pro-
tected vegetation.
Discussion
Compared with most regions of the planet, Antarctic
macroscopic terrestrial vegetation cover is poorly devel-
oped and spatially restricted (Laws 1984; Fretwell et al.
2011; Convey et al. 2014). However, biogeographical
studies show much regional differentiation in biodiver-
sity across the continent’s ice-free areas (e.g., Peat et al.
2007; Convey et al. 2008; Pugh & Convey 2008), mak-
ing representative protection an important objective to
be achieved by the Antarctic Treaty Consultative Meet-
ing (the governing body established under the ATS).
Nevertheless, our analyses showed that designation of
terrain for protection of vegetation was nonexistent or
accounted for<0.4% of the total ice-free area in 12 of the
15 ACBRs.
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Our remote sensing survey of terrestrial vegetation in
all ASPAs designated for plant protection showed that
<16.1 km2 of vegetation cover within the Antarctic conti-
nent as awholewas protected—an area thatwould fit eas-
ily within John F. Kennedy International Airport in New
York. This highlights the sparseness of Antarctic vegeta-
tion; in total there is only 7.5% vegetation cover of ice-
free terrain within the ASPAs designated specifically for
their unusually high vegetation abundance. More widely,
Fretwell et al. (2011), using lower resolution Landsat im-
agery of the northern Antarctic Peninsula, estimated that
44.6 km2 (0.086%) of their study area (74,468 km2) had
a probability of vegetation occurrence of over 50%. To-
gether, these studies support the observation of generally
low levels of plant cover within Antarctica. However, to
date no systematic satellite or ground-based assessment
of vegetation cover across Antarctica has been attempted,
meaning the proportion of Antarctica’s protected vege-
tation cover has not been objectively estimated.
Given the bias of the NDVI method (as used both here
and by Fretwell et al. [2011]) toward the detection of
typically green vegetation, such as vascular plants and
bryophytes, the extent of communities dominated by
species where the chlorophyll signal is masked by pig-
mentation may not be fully represented (e.g. stands of
the moss genus Andreaea, mats of dark cyanobacteria,
and many lichen species; see Petzold & Goward 1988).
Such communities are often important in montane and
higher latitude continental locations, which may con-
tribute, along with low vegetation densities, to the lower
levels of vegetation recorded within continental ACBRs.
Development of more sophisticated hyperspectral imag-
ing methods and availability of higher resolution imagery
may facilitate future quantification of the spatial coverage
of both specific and overall vegetation communities (Shin
et al. 2014).
We found that the area of detected vegetated ground
currently protected under the ASPA system equated to
only 0.04% of ice-free ground in Antarctica, and 96%
of this protected area fell within the botanically simi-
lar ACBR 2 South Orkney Islands and ACBR 3 North-
west Antarctic Peninsula (including the South Shetland
Islands) (Peat et al. 2007). In a broader context, the exist-
ing ASPA network fails to meet GSPC Target 4 and Aichi
Biodiversity Target 11 for all of Antarctica’s 15 ecological
regions (i.e., ACBRs) (Table 2).
Shaw et al. (2014) showed that Antarctic biodiversity
protection is poorly served by the scale and extent of
the existing ASPA network and that Antarctica is in-
adequately protected in relation to global benchmark-
ing. Using methods similar to theirs, but targeting green
plant communities with NDVI, we found that Antarctica’s
botanical values are currently inadequately protected by
the ASPA system, both in terms of the quantity of vege-
tation cover and the representativeness of plant diversity
and communities protected across the continent. Our
results point to a need for designation of a more rep-
resentative network of ASPAs protecting terrestrial veg-
etated habitats, particularly in ACBRs where no ASPAs
currently exist. Like Shaw et al. (2014), we encourage the
Antarctic Treaty Parties to take steps to meet the CBD’s
Aichi Targets. Threats such as climate change, invasive
species, and increasing human activity have the potential
to negatively affect indigenous flora and biological com-
munities in this ecologically sensitive region (Tin et al.
2009; Hughes & Convey 2010; Chown et al. 2012). Until
the Parties collectively act on their agreed responsibility
to maintain Antarctica “as a natural reserve” with the
coordinated identification of representative habitats, des-
ignation of appropriate protected areas, and active man-
agement and enforcement of area management plans,
progress will be slow and Antarctic terrestrial habitats
and their associated biota will remain at risk.
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